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(54) Method and device for processing video pictures 



(57) The difference between the time responses of 
phosphor elements of a plasma display panel (17) shall 
be reduced by signal processing means without a need 
of a motion estimator. 

Therefore, the sub-fields for driving the luminous el- 
ements are reorganized in at least two groups of sub- 



fields arranged one after the other within one frame pe- 
riod. Luminous elements with long time responses are 
driven by the sub-fields of the first group and luminous 
elements with short time responses are driven by sub- 
fields of the first and second group. Thus, the phosphor 
lag effects are reduced. 
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Description 

[0001 1 The present Invention relates to a method and 
a device for processing video pictures for display on a 
display device having at least two kinds of luminous el- 
ements with different time responses, a first i<lnd of iu- 
minous elements having a first time response and a sec* 
ond land of luminous elements having a second time re- 
sponse, wherein the first time response is slower than 
the second time response. Particularly, the present in- 
vention Is related to the reduction of the phosphor lag 
artefacts caused by the different time responses of the 
luminous phosphor elements. 

Background 

[0002] Though they are known for many years, plas- 
ma displays are encountering a growing interest from 
TV manufacturers. Indeed, this technology now makes 
it possible to achieve flat color panels of large size (out 
of the CRT limitations) and with very limited depth with- 
out any viewing angle constraints. 
[0003] Referring to the last generation of European 
TV, a lot of work has been made to improve its picture 
quality. Consequently, the new Plasma technology has 
to provide a picture quality as good or better than the 
old standard TV technology. On the one hand, the Plas- 
ma technology gives the possibility of "unlimited" screen 
size, of attractive thickness, but on the other hand, It 
generates new kinds of artefacts, which could damage 
the picture quality. Most of these artefacts are different 
to those of known TV pictures and so more visible since 
people are used to seeing old TV artefacts unconscious- 
ly. 

[0004] One of these artefacts is called the "phosphor 
lag" and Is due to the different time responses of the 
luminous materials making the different colour compo- 
nents used in the panel. This difference generates a kind 
of yellowish trail behind and a blue area in front of the 
bright objects moving on a dark background mainly (or 
the opposite). 

[0005] Fig. 1 shows the simulation of such a phosphor 
lag effect on a natural scene with a movement basically 
In the verijcal direction, where the moving white trouser- 
leg in front of the black background generates such trail. 
[0006] On a plasma panel, the red, green and blue 
luminous elements (also named phosphors while not 
necessarily having the <^&n\ca\ element P) do not have 
the same properties because of the chemical properties 
of each phosphor, in addition the life duration and the 
brightness are privileged at the expense of behaviour 
homogeneity. Measurements show that the green phos- 
phor is the slowest, the blue one is the fastest and the 
red one is mostly in-between. Thus, behind a white ob- 
ject in motion, there Is a yellow-green trail, and in front 
a blue area, as illustrated in Fig. 2. Since the red (R), 
green (G) and blue (B) cells have different response 
times, at the front and rear of a moving object like a white 



block, the conceming pixels are discolored. 
[0007] In the future, the development of new chemical 
phosphor powders could avoid such problenns by mak- 
ing the green and red phosphors quicker. Nevertheless, 

5 today it is not possible by signal processing only to com- 
pletely suppress this effect but one can try to reduce it. 
[0008] One known solution from the f onner patent ap- 
plication FR 001 0922 of Thomson multimedia is to com- 
pensate the coloured trail while modifying the blue com- 

10 ponent in the temporal domain. 

[0009] The most cumbersome on the phosphor lag ef- 
fect is not the trail behind moving objects but its colour. 
Another solution Is therefore to add a complementary 
trail on the color trail in order to discolor it or to add to 

IS the pixels in front of the moving object a complementary 
connection at least for the cells having the fastest re- 
sponse. These solutions are disclosed In another Euro- 
pean Patent Applk:ation of the applteant EP 
01250237.3. 

20 [0010] These ideas applied together in a PDP give 
very good results, but need the implementation of a mo- 
tion estimator. 

Invention 

25 

[0011] The object of the present invention is to dis- 
close a solution that compensates for the differences 
between the tinrie responses of the three phosphors 
without the need of a motion estimator 
30 [0012] According to the present invention this object 
is solved by the method of claim 1 and the device of 
claim 8. 

[0013] In case of Plasma Display Panel (PDP), the 
frame period Is divided in lighting periods called sub- 

35 fields. Usually the whole frame period is divided into 
sub-fields and the three colour components RGB use 
the same sub-field organisation (for a same video value, 
they are switched on and off at the same time), and so 
as the red and the green phosphors are slower than the 

40 blue one, the phosphor lag artefact occurs. 

[0014] This invention proposes a new sub-field organ- 
ization which reduces the phosphor lag artefact, and 
which may be characterized by an increased number of 
sub-fields. It Is the general idea of the invention to build 

45 two or more sub-field groups in a frame period. In a spe- 
cific embodiment three sub-field groups may be created 
in a frame period, and the idea is to translate (particulariy 
for the blue component) some sub-fields from the first 
sub-field group into the two other groups as If the phos- 

50 phors were switched on and off later in order to simulate 
the phosphor lag. Thus, the first sub-field group Is used 
to fully code the red and the green components, and par- 
tially the blue one. The second and the third sub-field 
groups are used to simulate the phosphor lag. 

55 [0015] In case of three different cell types such as 
present In colour plasma displays corresponding to the 
colour components RGB the extra sub-field group/s can 
also be used for generating light In the cells having the 
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mid range time response, i.e. red luminance material 
plasma celts to malce an optimised compensation. As 
the differences In time responses between red and 
green plasma cells is inferior in comparison to the dif- 
ferences between blue and red or between blue and 
green cells, it is sufficient to use the extra group/sof sub- 
fields for the blue plasma cells only. 
[0016] The solution according to the invention has the 
great advantage that the implementation of the compen- 
sation method perfomis good and is very simple to im- 
plement There Is no need to implement a motion esti- 
mator. 

[0017] A drawbaclc of the solution is that the extra sub- 
field groups occupy a part of the frame period and can- 
not be used to generate more light pulses in order to 
enhance the contrast. This problem can be avoided if 
the compensation method Is simply switched off In video 
scenes where the contrast is regarded most important. 
[0018] The compensation method can be used for dif- 
ferent types of sub-field coding schemes. It can be used 
In connection with the conventional ADS (Address, Dis- 
play, Separated) driving scheme, where each sub-field 
consists of the three periods addressing, sustaining and 
erasing. It can likewise be used in connection with the 
Incremental driving scheme where no sub-field code 
words are used in which there is a sub-field inactivated 
beween two activated sub-fields or vice versa. 
[001 9] Further favorable developments of the method 
and device of the present invention are defined In the 
subclaims. 

[0020] It is e.g. very advantageous if in the three sub- 
field groups, the sub-fields are arranged in decreasing 
order to let the biggest sub-fields lag on their own group. 

Drawings 

[0021] Exemplary embodiments of the invention are 
illustrated in the drawings and are explained In more de- 
tail in the following description. The drawings show in: 

Fig. 1 the simulation of a phosphor lag effect on a 
natural scene; 

Fig. 2 the latency of light generation In the red and 
green plasma cells for the case of a white rec- 
tangle moving on a plasma display screen; 

Fig. 3 the time responses of a red, green and blue 
phosphor element and the compensated time 
responses according to the present invention; 

Fig. 4 an example of a sub-field organsisation of a 
basic 10 sub-fields code; 

Fig. 5 a sub-field organization according to the 
present invention; 

Fig. 6 examples of a transformation of some basic 



10 subfields code words to sub-field code 
words using the sub-fields of all three sub- 
field groups; 

5 Fig. 7 an example of coding a white pixel with a lu- 
minance value of 120 for each colour compo- 
nent by dividing the blue component among 
the three sub-field groups; 

10 Fig. 8 an example of coding a white pixel with a lu- 
minance value of 120 for each colour compo- 
nent by dividing the blue and red components 
among the three sub-field groups; 

IS Rg. 9 a simulation of the light generation in the plas- 
ma cells R,G,B for the case of a white rectan- 
gle moving on a plasma display screen similar 
to Fig. 3, but in case that the compensation 
method according to the present invention is 
20 used; 

Fig. 10 a second example of a sub-field organsisation 
of a basic 10 sub-fields code; 

25 Flg.11 a second example of a sub-field organization 
according to the present invention based on 
the example of Fig. 10; 

Fig. 12 the transfomnation of the basic 10 sub-fields 
30 incremental code words for the sub-field or- 

ganisation of Fig. 1 0 to sub-field code words 
using the subfields of all three sub-field 
groups shown in Fig. 11; 

35 Fig.13 an example of coding a white pixel with a lu- 
minance value of 120 for each colour compo- 
nent by dividing the blue component among 
the three sub-field groups shown in Flg.11; 
and 

40 

Fig.14 a btocic diagram for a circuit implementation 
of the device according to the invention. 

Exemplary Embodiments 

45 

[0022] In the following the present invention will be ex- 
plained In more detail along with two different embodi- 
ments. 

[0023] The phosphor lag problem Is a result of the dif- 
50 ference in the time responses of the phosphors. As it is 
impossible to malce the green and the red phosphors 
(the slowest) faster only by signal processing, at least 
the blue one has to be made slower as illustated in Fig. 
3. On the left of Fig.3 the real time responses for the 
55 red, green and blue phospors is shown . On the right side 
the time response of the blue phosphor is adapted to 
the time responses of the red and green phosphors. This 
compensation is done by signal processing means as 
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described hereinafter. 

[0024] As said before, according to the invention the 
frame period is divided in three periods for three sub- 
field groups in order to make the blue component sim- 
ulate the phosphor lag. 

[0025] The code that is used for sub-field coding in 
the three sub-field groups is based on a standard de- 
creasing 1 0 sub-fields code in the first disclosed embod- 
iment. This code will be used for the first sub-field group 
for driving the red and the green phosphor elements. 
[0026] As the two other sub-field groups are only used 
by the blue component and as the trail due to phosphor 
lag is decreasing fastly, less sub-fields can be used for 
the secondary periods. 

[0027] So for example, if 10 sub-fields are used for 
the first period (the basic one), 6 sub-fields can be used 
for the second and 4 for the third sub-field group. 
[0028] The reason why decreasing codes are used is 
that the sub-fields with the biggest weights represent the 
most part of the energy flow, and so the most part of the 
phosphor lag. When placing them first, they will lag 
mainly on the group they belong to, thereby reducing 
the phosphor lag problem. 

[0029] To simulate the phosphor lag for the blue signal 
component, the video values for the blue component are 
split in three parts (one for each sub-field group). The 
value for the first part is smaller than nomnalty (i.e. when 
the blue component is only coded with the basic 1 0 sub- 
fields code), so less sub-fields will be activated in the 
first group, that has the effect that the blue component 
is switched on later in comparison to the red and green 
signal component and that means that the "impulse re- 
sponse" Is made similar to that of the red and green 
phosphors. The two other parts are used to simulate the 
lag when the green phosphor is switched off. 
[0030] It can be seen that the picture quality corre- 
sponds to a 10 sub-fields code, the cost almost corre- 
sponds to a 20 (10+8f4) sub-fields code, and the lumi- 
nance corresponds to half of the one obtained with a 
basic 20 sub-fields code. 

Example 

[0031] The principles of this invention are best ex- 
plained by means of an example. It should be here 
strongly noted that values in an actual implementation 
may differ from those here shown, in particular the 
number and weight of the used sub-fields. 
[0032] An example of a basic 10 sub-fields code is 
shown in Fig. 4. The numbers given in each sub-field 
correspond to the relative sub-field weight. The sum of 
the sub-field weights con-espond to 255 which is the 
highest possible video value in 8-bit representation. 
[0033] An example of a possible sub-field organiza- 
tion for phosphor lag reduction, according to this inven- 
tion is shown in Fig. 5. As shown in Fig. 5 the 1^ sub- 
field group is identical to the standard 10 sub-fields or- 
ganization of Fig.4. The second sub-field group has the 



the similar structure as the 4*^ to 9*^ sub-field of the first 
group and the third group has the same structure as the 
5th to 9**^ sub-field of the first group. 
[0034] So as said before, the values for the red and 

5 green colour components are coded solely with the ba- 
sic 1 0 sub-fields code of the first group whereas the blue 
values are coded with the sub-fields of all three groups. 
Some examples of encoding video levels according to 
both possibilities are shown in Fig. 6. In Fig. 6 an entry 

10 "1 " in the code words con-esponds to a sub-field activa- 
tion (means light generation on), and "0" to a sub-field 
inactivation (means light generation off). The code 
words for the other video values in the range of 0 to 255 
can be derived by distributing the video values among 

IS tiie three parts accordingly, e.g. with a function calculat- 
ing the corresponding percentages. Of course some 
rounding needs to be done and for an optimisation some 
experiments to make a fine tuning should also be done 
for the corresponding panel technology. 

20 [0035] The line in Fig. 6 marked with arrows corre- 
sponds to an example that will be analysed in more de- 
tail in the following. 

[0036] In this example a video value of 120 is given. 
The first code (on the left) is the code used for the red 
25 and the green components, the second one (on the 
right) is the equivalent code used for the blue compo- 
nent. 

[0037] For example, a value of 120 for blue, whfch cor- 
responds to 0101101110 in 10 sub-field code, shall be 

30 considered (60+29+18+7+4+2=120). This value is di- 
vided into 3 parts: 74, 35 and 11 (74+35+11=120), whk;h 
simulate the phosphor lag of a value of 1 20 for the green 
using the 1 0 sub-fields code. Finally, the three parts are 
coded as depk^ted in Fig. 7 and one obtains the final 

35 code 0010101110 011011 0110. 

[0038] So. for a white pixel (having the same video 
value for all the three components) with a value of 120, 
the code of Fig. 7 is obtained. 
[0039] It can be noticed from Rg. 7 that the light gen- 

40 eration for the blue component is delayed by around 1 
sub-field compared to the green and the red component. 
[0040] In the above explained examples of the 
present invention, only the blue component is changed, 
so the phosphor lag artifact is not totally compensated 

45 because there is still some difference in time response 
between red and green plasma cells. 
[0041 ] In fact, it is possible to totally discolor the trail 
by changing the red component, too (the slowest, the 
green, will always have to be coded solely with the first 

50 group of sub-fields). In this case the coding process for 
both components blue and red will use the three groups 
of sub-fields, but with different codings. For the example 
having a video value of 1 20 in all three components, the 
codings shown in Rg. 8 could be used. 

55 [0042] Fig. 9 Illustrates the simulation of the compen- 
sation method according to the principle of Fig. 7 for the 
case of the white square moving on a black background 
as presented in Fig. 2. 
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[0043] In each box (each representing one phosphor 
element of one pixel), the time response Is represented 
in respect to the new sub-field reorganization and to 
phosphor lag of the red and green elements. The green 
and the red elements are only on at the beginning of the 
frame period, but because of the phosphor lag, they also 
seem to be on later, whereas the blue element Is really 
switched on and off later. 

[0044] Finally the result obtained with this new sub- 
field organization is an uncolored trail as shown on the 
bottom of Fig. 9 

[0045] Next, a second embodiment of the invention 
will be explained. As already mentioned in the introduc- 
tory part of the application the invention can be be used 
In connection with the incremental driving/coding 
scheme where no sub-field code words are used In 
which there Is a sub-field Inactivated beween two acti- 
vated sub-fields or vice versa. The second embodiment 
is dedicated to this incremental driving/coding scheme. 
[0046] Fig. 10 shows a possible 10 sub-field organi- 
sation similar to Fig. 4 but with different sub-field 
weights. According to the invention three sub-field 
groups are created for phosphor lag reduction. Each of 
the groups will be coded with the incremental driving/ 
coding scheme. A speciality of this coding scheme is 
that not every sub-field has an erasing period. The eras- 
ing operation will be perf omriedfor all previous sub-fields 
at the end of each sub-field group. The incremental driv- 
ing/coding scheme has the great advantage that ittotally 
suppresses the dynamic false contour effect. It has on 
the other hand the disadvantage of a poor grey scale 
portrayal because the sub-fields code words for the full 
video level range 0 - 255 is greatly decimated. In a 10 
sub-field organisation only 11 sub-field code words are 
admissible inclusive Zero. For more details regarding 
the incremental sub-field driving/coding it is reff erred to 
EP-A-0 952 569 and another European Patent Applica- 
tion of the applicant with the number EP 00403366.8. 
[0047] Fig. 1 1 shows the sub-field organisation includ- 
ing the extra two sub-field groups. It is mentioned that 
the decreasing order of sub-field weights is kept solely 
in the 1 ^ group only. Experiments have shown that some 
better results could be achieved In this embodiment if 
the rule Is not kept in the second and third sub-field 
group. 

[0048] Fig. 1 2 presents the admissble code words ac- 
cording to incremental coding on the left side and Its 
transformation to corresponding phosphor lag simula- 
tion code words on the right. In this case the table is 
complete. The code words on the left side are used for 
driving the red and the green plasma cells. On the right 
side the equivalent code words for the blue palsma cells 
are given. 

[0049] As an example we consider a video value of 
130 for the blue component, which corresponds to 
0001111111 in the 10 sub-field code 
(33+28+24+1 9+1 4+8+4=1 30). This value is divided into 
3 parts: 69, 48 and 13 (69+48+13=130), which simulate 



the phosphor lag of a value of 130 for the green using 
the 10 sub-field code. Finally, we obtain the code 
0000011111 001111 0111 (24+19+14+8+4=69; 
31+5+6+4=48; 4+5+4=13). 

5 [0050] So, for a white pixel having the same value for 
all three components with a value of 130, we obtain the 
code words shown In Fig. 13. From this figure it is evi- 
dent that the blue plasma cells are activated delayed by 
two sub-fields compared to the red and green plasma 

10 cells. The afterglow of the blue plasma cells is artificially 
assured by activating the cells in the 2"^ and 3"* sub- 
field group, where the red and green cells remain inac- 
tivated. 

[0051] In Fig. 14 a circuit implementation of the inven- 

15 tion is illustrated. Input R,G,B video data of a first frame 
F^ is forwarded to a frame memory 10 and an optional 
pk:ture analysis block 1 1 . Picture analysis block 1 1 anal- 
yses the picture in the frame memory 1 0. If the block 1 1 
outputs the analysis result that the picture has a number 

20 of critical transitions, the picture analysis block 11 
switches over the sub-field coding process from stand- 
ard coding to phosphor lag compensated coding. Differ- 
ent coding tables are recorded in the sub-field coding 
block 13 for this purpose. 

25 [0052] The picture analysis block 11 includes a unit 
for edge detection. Algorithms for edge detection are 
known from the prior art. For example in EP-A-0 913 
994 an algorithm is described with which it can be reli- 
ably detected whether a pixel lies on a horizontal tran- 

30 sition. This algorithm is used for letterbox detection in 
this patent application but it could also be used for edge 
detection In modified fomn. 

[0053] The picture analysis takes some processing 
time and this could cause that another frame memory 

35 1 2 is necessary with whrch the sub-field coding process 
can take place while the picture analysis block 11 anal- 
yses the frame in frame memory 10. The R, G and B 
components from frame memory 12 are forwarded to 
sub-field coding unit 13 that perfomis sub-field coding 

40 under control of control unit 16. The sub-field code 
words are stored In memory unit 14. The external control 
unit 1 6 also controls reading and writing from and to this 
memory unit. The external control unit 1 6 also generates 
timing signals for the control of the units 10 to 12 (not 

45 shown). For plasma display panel addressing, the sub- 
field code words are read out of the memory devk^e and 
all the code words for one line are collected in order to 
create a single very long code word which can be used 
for the line wise PDP addressing. This is carried out in 

so the serial to parallel conversion unit 1 5. The control unit 
16 generates all scan and sustain pulses for PDP con- 
trol. It receives horizontal and vertical synchronising sig- 
nals for reference timing. The plasma display panel has 
the reference number 1 7. 

55 [0054] The general idea of this invention (dividing the 
frame period in sub-periods in order to reduce the dif- 
ferences of time responses between the different colors) 
is applk;abie to all displays presenting different time re- 
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sponses for the three colors and using sub-fields to 
make light (pulse width modulation). 



Claims 5 

1 . Method for processing video pictures for displaying 
on a display device (1 7) having at least two kinds 
of luminous elements with different time responses, 
a first kind of luminous elements having a first time 
response and at least a second kind of luminous 
elements having a second time response, the sec- 
ond time response being faster than the first time 
response, comprising the steps of 
driving each luminous element within a frame peri- 
od by time impulses organized In sub4ieids, 
characterized by 

forming a first group of sub-fields for driving at least 
the first kind of luminous elements, 
fomiing a second group of sut>-fields for driving the 
second kind of luminous elements, and 
arranging the second group of sub-fields t>ehind the 
first group of sub-fields within one frame period. 

2. Method according to claim 1 , with the additional 
step of forming at least a third group of sub-fields 
for driving the second kind of luminous elements so 
that the second kind of luminous elements is driven 
by the sub-fields of at least the second and third 
group of sub-fields. 

3. Method according to daim 1 or 2, «rherein the sec- 
ond kind of luminous elements Is driven also by the 
first group of sub-fields. 

4. Method according to daim 3, wherein in case of the 
same video values for driving the first and second 
kind of luminous elements are given, the second 
kind of luminous elements is activated later in the 
first sub-field group than the first kind of luminous 
elements. 

5. Method according to one of daims 1 to 4, wherein 
each sub-field has assigned a sub-field weight that 
detemnines the time duration during which the time 
pulses are generated, and the sub-fields in the 
groups are ordered with decreasing sub-field 
weights. 

6. Method according to one of claims 1 to 5, wherein 
luminous elements of the first kind are red and 
green phosphor elements and luminous elements 
of the second kind are blue phosphor elements or 
luminous elements of the first kind are green phos- 
phor elements and luminous elements of the sec- 
ond kind are red and blue phosphor elements. 

7. Method according to claim 6, wherein the first group 



of sub-fields is used for driving red, green and blue 
phosphor elements and the sub-fields of the second 
or third group are used for driving the blue and/or 
red phosphor elements. 

8. Devtee for processing video pictures for displaying 
on a display device (1 7) having at least two kinds 
of luminous elements with different time responses 
and different colour, a first kind of luminous ele- 
ments having a first time response and at least a 
second kind of luminous elements having a second 
time response, wherein the first time response is 
slower than the second time response, with 
driving control means (1 6) for driving the luminous 
elements in sub-fields with small pulses, each sub- 
field having a sub-field weight that determines the 
time duration during whk;h the small pulses are gen- 
erated, 

sub-field coding means (13) for assigning a sub- 
field code word to an input video value of a colour 
component the sub-field code word determining 
during whteh sub-field the luminous element will be 
activated, 

characterized in that 

the driving control means (16) organize the sub- 
fields in at least two sub-field groups within a frame 
period and said sub-field coding means (13) deter- 
mine first sub-field code words for driving the first 
kind of luminous elements and second sub-field 
code words for driving the second kind of luminous 
elements, wherein with the sub-field code words for 
the first kind of luminous elements an adivation is 
made only with sub-fields belonging to the first 
group and with the code words for the second kind 
of luminous elements an activation is made with 
sub-fields of the second sub-field group. 

9. Device according to claim 8, wherein the driving 
control means (16) organize the sub-fields in at 
least three groups of sub-fields and the sub-field 
coding means (13) determine sub-field codewords 
for driving the second kind of luminous elements 
with which an activation is made with sub-fields of 
at least the second and third group of sub-fields. 

10. Device according to claim 8 or 9, wherein the sub- 
field coding means (13) determine sub-field code 
words for driving the second kind of luminous ele- 
ments with which an activation is made also with 
sub-fields in the first group of sub-fields. 

11. Devtoe according to one of daims 8 to 1 0, wherein 
in case of the same video values for driving the first 
and second kind of luminous elements are given, 
the sub-field coding means (13) assign a sub-field 
code word to the second kind of luminous elements 
with which an activation is made later In the first sub- 
field group than with the corresponding sub-field 
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code word assigned to the first kind of luminous el> 
ements. 

12. Device according to one of the claims 8 to 11, 
wherein it is integrated In a plasma display device 
or in a box that is connectable with a plasma display 
device. 
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